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Learning Outcomes
• Recognize anatomical, biomechanical, and physiological influences 
imparted by lower limb structures and their impacts on performance 
and injury risk.
• Produce an evidence-based strength and conditioning program for 
different tactical populations to increase neuromuscular resilience for 
the lower limbs
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Injuries
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• Australian Army Injuries (McDonald, et al., 2016)
Injuries
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• Australian Army Injuries (Orr, et al., 2020)
Injuries
Injured sites 
Ankle, n=212, 21.90%; and
Knee, n=166, 17.15%.
Nature of injury
Soft tissue injury, n=533, 55.06%; 
Dislocation, n=123, 12.71%;  and 
Fractures, n=115, 11.88%  
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ADF Health Status Report 
(2000), p.1-27
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• Law Enforcement Injuries to the lower limbs (Lyons, et al., 2021)
– Overall MSK lower extremity incidence rates were 10.8 injuries per 100 
personnel/year overall; 
• 10.8 injuries per 100 personnel/year for male LEO, and
• 11.0 injuries per 100 personnel/year for female LEO
Injuries
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• Firefighter Injuries (Orr, et al., 2019a)
– MSK typically leading nature of injury, prevalence lower than law 
enforcement and military
– Leading sites are back and lower extremity (knee a leading site)
– Primary mechanism in wildland firefighters is slips, trips and falls 
while in structure, bending lifting and muscle stressing precede 
slips, trips and falls
Injuries
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Lower limb fitness
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Lower limb fitness
• Police Recruits (Orr, et al., 2016)
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Lower limb fitness
• Police Recruits (Orr, et al., 2016)
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Lower limb fitness
• Police Recruits (Orr, et al., 2016)
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Mean ± SD Mean ± SD Mean ± SD Mean ± SD rs, p
Pull Ups (reps) 12.63 ± 3.89 15.75 ± 6.14 14.57 ± 1.90 16.10 ± 3.38 0.41, p=.017*
Push Ups (reps) 46.00 ± 9.15 50.38 ± 9.37 47.57 ± 3.26 58.80 ± 11.89 0.45, p=.009**
Ab Str (Level 1-7) 2.63 ± 0.74 3.00 ± 0.00 3.00 ± 0.00 3.00 ± 0.00 0.35, p=.049*
March (secs) 4935.00 ± 770 4763.00 ± 176 4990.29 ± 300 4659.40 ± 233 -0.33, p=.078
MSFT (no. of 
shuttles) 95.00 ± 0.00
# 102.88 ± 12.11 101.00 ± 12.72 101.60 ± 6.11 0.11, p=.585
Agility run (secs) 22.40 ± 0.00# 17.93 ± 1.08 17.08 ± 1.43 17.12 ± 0.53 -0.40, p=.043*
Lift and carry 
(secs) 173.00 ± 0.00
# 174.00 ± 15.68 178.00 ± 8.76 160.60 ± 9.85 -0.49, p=0.010*
Lower limb fitness
• SWAT Fitness (Orr, et al., 2018)
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Lower limb fitness
• Police Recruits (Lockie, et al., 2021)
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The Importance of Fitness – Transferability
Lower limb fitness
• SWAT Fitness and task performance (Orr, et al., 2020)
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Measure Pack March 1 (mins:sec)
Pack March 2 
(mins:sec)
Pack March 3 
(mins:sec)
1RM Squat (kg) -.401** -.335* -.316*
Squat Ratio (%) -.500** -.381** -.396**
1RM Deadlift (kg) -.288* -0.248 -0.215
Deadlift Ratio (%) -.403** -.294* -.305*
Vertical Jump (cm) -.501** -.541** -.523**
** Correlation is significant at the 0.01 level (2-tailed).
Lower limb fitness
• SWAT Fitness (Robinson, et al., 2018)
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Understanding the Anatomy, Physiology & Biomechanics
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• What is the purpose of this exercise?
http://static1.squarespace.com/static/551035e3e4b0961711e870fe/t/551c230be4b0e383d17282e7/1427907340268/foam-roll.jpg?format=1500w
Understanding the Anatomy
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• Are we effecting the ITB?
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• What exercises can you use 
to condition / recondition 
the hamstring?
• What Ranges of Motion do 
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• The Length-Tension Curve
• A muscle’s sarcomeres will develop most tension at between 90-110* 
of resting length.
Marieb, E. N., & Hoehn, K. (2019). Human 
anatomy & physiology. 11th Edition Pearson 
education, fig 9.19, pg. 339
Understanding the Physiology
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http://www.bodybuilding.com/fun/2002/seatedcalfraise1.jpg
Understanding the Physiology
• The Length-Tension Curve
• It impacts on muscles worked
https://www.bodybuilding.com/content/leg-curls-done-light.html
Rob Orr, PhD, MPhty, Ass Dip (Ex Sci), BFET, APAM, TSAC-F*D  
Building resilience into the legs
• Where is the muscle belly of the hamstrings?
• Which muscles are at optimal length?
Understanding the Physiology
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• An effective stretch?
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Neumann, D. A. (2013). Kinesiology of the musculoskeletal system-e-book: 
foundations for rehabilitation. Elsevier Health Sciences. Fig 3-15, pg. 59
Understanding the Physiology
• The Force-Velocity Curve
Kraemer, W. J., Fleck, S. J., & Deschenes, M. R. (2016). Exercise physiology: 
integrating theory and application. 2nd Edition. Lippincott Williams & 
Wilkins.
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Understanding the Physiology
• The Force-Velocity Curve
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• Right exercise, right technique but are the right muscles active?
http://www.bartleby.com/107/Images/small/image434.jpg
Understanding the Exercise
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CCK:
 Increased joint compressive forces
 Increased stability
 Decreased shear forces
 Decreased acceleration forces (see Force summation principle)
 Stimulation of proprioceptors
 Better muscle synergistic patterns
 Proprioception, Joint Position Sense and Kinesthesia are vital to rehab
OKC vs CKC
Understanding the Biomechanics
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CCK:
 Pacinian Corpuscle – capsule – vibration/velocity
 Golgi-Mazzoni Corpuscle – joint capsule – compression*
*Insensitive to stretching
 Ruffini Endings – Capsule / Extrinsic Ligs.- stretching
 Golgi-Lig endings – Ext/Int Ligs. – stretching/tension 
 Free nerve endings – capsule, ligs. fat pads – mech stress
OKC vs CKC
Understanding the Biomechanics
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Brownstein & Bronner (1997), Fig 2-1 p.50
OKC vs CKC
Understanding the Biomechanics
Brownstein & Bronner (1997), Fig 2-1 p.50
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OCK:
 Increased acceleration forces
 Increased joint distraction
Promotion of functional activity?
OKC vs CKC
Understanding the Biomechanics
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OCK v CKC
Both OCK and CKC are important
The question is when to use them as part of conditioning
Understanding the Biomechanics
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Reciprocal inhibition 
Describes the process of muscles on one side of a joint relaxing 
to accommodate contraction on the other side of that joint. 
Understanding the Biomechanics
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Understanding the Biomechanics
Roles of muscle in movement
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Name the movement at the Hip and Knee during the squat 
and the muscle agonists?
http://www.numetrex.com/our-pulse/wp-content/uploads/2014/07/squat.jpg
Understanding the Biomechanics
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Hip – Extension – Glutes & Hamstrings 
Knee – Extension – Quads
http://www.numetrex.com/our-pulse/wp-content/uploads/2014/07/squat.jpg
Understanding the Biomechanics
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Complex Synergies - Lombard’s Paradox
 The longer the lever arm at the joint 
the more force it develops (e.g. 4.4cm 
for RF at knee and 3.4cm of Hamstring 
– Hence knee extension occurs).
 More muscle needed – shape of the 
Hamstrings (Longitudinal muscle) 
Quads (Bipennate, Unipennate)
Understanding the Biomechanics
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Name the movements of the Hip and Knee joints and  
the muscle agonists during:
- a squat 
- a football kick
Understanding the Biomechanics
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Hip – Extension – Glutes & Hamstrings 
Knee – Extension – Quads
http://www.numetrex.com/our-pulse/wp-content/uploads/2014/07/squat.jpg
Understanding the Biomechanics
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Complex Synergies – Shifts
 In a concurrent movement, the biarticular muscle is an agonist at one 
joint and an antagonist at another simultaneously
Understanding the Biomechanics
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Hip – Flexion – Quads & Iliopsoas 
Knee – Extension – Quads
http://www.numetrex.com/our-pulse/wp-content/uploads/2014/07/squat.jpg
Understanding the Biomechanics
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Complex Synergies – Shifts:
 In a countercurrent movement, the biarticular muscle is an agonist at 
both joints simultaneously.
Understanding the Biomechanics
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Complex Synergies – Shifts
 So which one would be better?
Understanding the Biomechanics
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Complex Synergies – Shifts
 So which one do we train?
Understanding the Biomechanics
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Complex Synergies – Shifts
 So which one do we train?
Understanding the Biomechanics
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Synergy
 Optimal coordinated sequence of movement that allows for optimal 
velocity development






Complex Multi - plane
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Segmental Summation of Velocity
 Optimal coordinated sequence of movement that allows for optimal 
velocity development
 Each segment begins to move the instant the previous segment begins to 
slow down
Elliott, B.C. Biomechanics in Sport in eds. Pyke,  FS. Better Coaching,  Australian Sports Commission, Figure 7-13, p.107
Understanding the Biomechanics
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Exercise Considerations
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• Slips, trips, falls
• Muscle stressing
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• Segmental Summation of Velocity
• Variability in Movement
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Take Home
• Need to consider the anatomical, biomechanical, and physiological 
influences imparted by lower limb structures when designing 
programs if you are to use an evidence-based approach to increase 
neuromuscular resilience for the lower limbs
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Thank you
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Questions?
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